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The guiding hands (and feet):
Focal adhesions in embryonic stem cells

Embryonicstem cells are pluripotent, meaning thatthey cantransforminto any celltype in the body depending on the environmental
signals (physical or biochemical) that they are exposed to. Like adult cells, embryonic stem cells have specialized molecular
apparatus called focal adhesions (FAs) that help in sensing physical signals from their surroundings. Whether and how embryonic
stem cell FAs differ in structure and functions compared to FAs in adult cells was explored in a recent study, led by MBI Principal
Investigator Pakorn Tony Kanchanawong. This work is published in ACS Biomaterials.

[llustration: An artistic depiction of the different mechanosensing capabilities of embryonic stem cell and adult cell focal adhesions. While
the large, well-developed focal adhesions (suckers on the tentacles) of the adult cells (red octopus) are highly mechanosensitive and facilitate
adherence to their surface strongly, the focal adhesions on embryonic stem cells (blue baby octopuses) are smaller and fewer in number, and are
less mechanosensitive, which is depicted here by their inability to hold to their surfaces strongly.
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The nanoscale organization of focal adhesions in embryonic stem cells
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The genesis of stem cell therapies is considered a turning point
in the field of medicine. With the potential to be transformed
into any cell type in the body in the presence of appropriate
guidance signals, stem cells could be used to treat a wide
range of life-threatening or debilitating diseases, including
cancers, diabetes, Parkinson's, cardiac infarctions, inflammatory
disorders, and many more. However, these therapies rely on
efficient transformation of stem cells into desired cell types,
with transformation potentials depending on multiple factors,
including the type of stem cell used: adult or embryonic. This
demands a thorough understanding of the various cellular and
extracellular factors that might influence the transformation
process in each of these two stem cell types.

The role of biochemical signals like growth factors or hormones
in influencing stem cell transformation is well known and
many of these molecules, alone or in combination, are widely
employed to harvest desired cell populations for use in
regenerative medicine. The role of physical properties of the
cell and its surroundings as important guidance cues has
generated tremendous interest in recent years. The idea has
found validation through several groundbreaking studies that
reveal the direct influence that the physical properties of the
tissue can have on stem cell transformation. For instance, adult
stem cells grown on softer surfaces are known to transform into
soft brain tissues while those grown on stiffer surfaces transform
into harder bone tissues. While such effects are robust in adult
stem cells, how physical signals control embryonic stem cell
transformation is not clearly understood.

So, how do embryonic stem cells sense the physical state of
their surroundings? Research has shown that stem cells - much
like the adult specialized cells that they transform into - form
multiprotein assemblies called focal adhesions (FAs) that are
endowed with this special ability. FAs are to cells what hands
and feet are to us; FA proteins physically anchor cells to their
surfaces and allow cells to feel their surroundings. They are also
attached to subcellular structures (actin filaments that form a
supportive framework) inside the cell and, therefore, function
as channels through which physical signals are transmitted
between the inside and outside of a cell.

Are FAs in embryonic stem cells different in structure
and function from those in adult cells?

But, whether the structure and functions of embryonic stem cell
FAs are any different from those formed in adult specialized
cells (classical FAs), and how these differences influence
various physiological processes in stem cells, including their
transformation potential is not clear. A group of researchers from
the Mechanobiology Institute, National University of Singapore,
led by graduate student Shumin Xia, along with Principal
Investigator Associate Professor Pakorn Tony Kanchanawong set
out to find some answers by studying FA structure and function
in mouse embryonic stem cells.
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By using bioinformatics tools, they revealed that embryonic
stem cell FAs are similar in composition to classical FAs; the
key proteins that form the core of classical FAs were found
in embryonic stem cell FAs too. The researchers then used
superresolution imaging to dig deeper into the manner in which
these proteins are arranged within the cell. Interestingly, these
proteins distributed into well-defined layers in the cell, spanning
between the cell surface and the actin cytoskeleton located
nearer to the cell core. Closest to the cell surface is the signaling
layer constituted by proteins that are capable of sensing signals
from their environment. The signals are then relayed inside the
cell by proteins constituting the force transmission layer. Farthest
from the cell surface is the regulatory layer that mediates
changes in actin organization in response to incoming signals.
Actin reorganization generates forces, which is channeled back
into the surroundings via the FAs.

Interestingly, the researchers noted that the arrangement
displayed by embryonic stem cell FA protein was quite similar to
the multi-layered organization of classical FA components that
was reported in a previous study from the Kanchanawong Lab
[LiuJetal, 2015, PNAS]. However, embryonic stem cell FAs looked
compressed - their force transmission layer was particularly
shorter in length - compared to classical FAs. Furthermore, in
stem cells a key FA protein called vinculin moved away from the
force transmission layer - where it was prominently distributed
in classical FAs - and instead distributed at the regulatory layer
in @ manner that is dependent on the external environment of
the cells.

Could these variations at the organizational level influence how
FAs function in embryonic stem cells? This was indeed true, as
embryonic stem cell FAs displayed weaker mechanosensing
abilities compared to their counterparts in specialized cells.
While classical FAs are known to grow in size in response to
increasing stiffness of the surrounding tissues, embryonic stem
cell FAs remained small on surfaces of varying stiffness. On
the basis of these findings, the researchers concluded that the
compressed force transmission layer in embryonic stem cell FAs
is probably responsible for the weakened response of the FAs to
the physical state of their surroundings.

How stem cells sense the physical state of their surroundings has
a crucial impact on what cell type they transform into as well as
on the efficiency of this transformation process. Understanding
the role of focal adhesions in this process is important in order
to gain deeper insights into the molecular mechanisms involved
and to be able to better define experimental parameters that will
boost transformation efficiencies. By unraveling the similarities
and differences in the composition and molecular organization
of embryonic stem cell FAs relative to classical FAs, the study
explainsthedifferencesobservedinthemechanosensingabilities
of these two cell types and offers clues to alter mechanosensing
responses through modulations at the molecular level.
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